Summary: The present study was designed to investigate the comparative effects of milk and soymilk on the bone morphology of ovariectomized rat model with postmenopausal osteoporosis. Fourty 12-week-old female SpraqueDawley rats were randomly divided into the following 5 groups: intact control (control), sham-operated (sham), ovariectomized (OVX), ovariectomized and fed milk (milk), ovariectomized and fed soymilk (soymilk) groups. Rats of OVX, milk and soymilk groups were bilaterally ovariectomized. Milk or soymilk of 3 ml was administered by gavage via an intragastric tube per day for 6 weeks. The distal femoral metaphysis was studied morphologically, together with bone mineral density (BMD), serum parathyroid hormone (PTH) and estradiol levels. In the OVX group, the trabecular bone volume was significantly reduced. The percentage area of resorbing surface was high. In the soymilk group, the trabecular bone volume was 68% higher and the percentage area of resorbing surface was 18% lower as compared with the OVX group. The serum estradiol level rose 48% and the serum PTH level fell 26% in the soymilk group. In the milk group, the trabecular bone volume had the tendency to be high, but there was no significant change of the bone morphology. The present study provides certain evidence that the soymilk has beneficial effects in preventing bone loss in rats induced by ovarian hormone deficiency.
Osteoporosis is a multifactorial skeletal disease characterized by bone loss and structural deterioration of bone tissue, results from an imbalance between bone formation and bone resorption. Osteoporosis is becoming a major public health problem in all developed countries. Despite numerous investigations, the pathogenesis, treatment and prevention of osteoporosis remain unsolved problems.
There are several investigations on the effects of milk and soymilk on human and animal bones (Recker and Heaney, 1985; Omi et al., 1994 ; Kikuchi-Hayakawa et al., 1998). However, the results are controversy. It is well documented that milk is an excellent calcium source and contains several profitable components for calcium absorption in the intestine, such as lactose and phosphopeptides, formed by the proteolytic digestion of milk casein (Wasserman, 1964 ; Lee et al., 1980) . Milk is also considered to affect bone metabolism directly because milk has a functional role in the growth of newborn animals and is an excellent source of nutrients for human health. Milk might be expected to decrease osteoporotic bone loss and fracture risk. Evidence from clinical trials and casecontrol studies has been confusing and several observational studies found no decrease in the bone fracture risk with higher consumption of milk (Recker and Heaney, 1985; Feskanich et al., 1997) . The survey of the literature concluded that there is no clear benefit of milk intake on bone mass or fracture risk in women (Weinsier and Krumdieck, 2000; Feskanich et al., 2003) .
The potential roles of dietary soymilk in the prevention and treatment of chronic diseases have long been known. Many types of soy food are consumed throughout the world. Soymilk is an aqueous extract of whole soybeans. Soymilk contains isoflavones, which are thought to have beneficial effects on the bone (Setchell and Lydeking-Olsen, 2003) . It was reported that soymilk was effective for increasing bone mineral density (BMD) and mechanical bone strength, and enhancing intestinal calcium absorption (Omi et al., 1994) . On the other hand, the action of dietary isoflavones during the premenopausal and perimenopausal periods appears to be variable. Wangen et al. (2000) observed no significant effects of isoflavones on bone turnover clinically, whereas Alekel et al. (2000) reported that there was a slightly beneficial effect on the bone. Here we present a comprehensive study of the effects of milk and soymilk on bone loss in rats induced by ovariectomy, using scanning electron microscopy and histomorphometry.
Materials and Methods
Twelve-week-old female Spraque-Dawley rats were randomly divided into 5 groups of 8 animals each. Intact control (control), sham-operated (sham), ovariectomized (OVX), ovariectomized and fed milk (milk), ovariectomized and fed soymilk (soymilk) groups. All animals were maintained under conventional conditions and had free access to tap water and commercial diet (CE-2, CLEA Japan). The diet contained 1.18% calcium and 0.85% phosphorus.
Rats of the OVX, milk and soymilk groups were bilaterally ovariectomized with sodium pentobarbital deep anesthesia. After operation, milk (Japan dairy farming co., Ltd., Osaka, Japan) or soymilk (MARUSAN-AI Co., Ltd., Aichi, Japan) was administered by gavage via an intragastric tube. A daily dose of 3 ml per rat was given for 6 weeks. The compositions of milk and soymilk are shown in Table 1 . Milk and soymilk contained the similar amount of carbohydrates and calories. Milk had greater levels of lipids and calcium, while soymilk included higher amounts of proteins and isoflavones of 22 mg/100 ml ( Table 1) .
After the experiment, the femurs were removed under ether anesthesia and processed for scanning electron microscopy (SEM). The distal parts of the femurs were trimmed in the sagittal plane. They were treated with 5% sodium hypochlorite solution to expose the epiphyseal and metaphyseal trabecular bone. The bones were then dehydrated in acetone and critical-point dried, mounted on stubs and coated with gold/palladium using an ion sputter. The bones were examined with a Hitachi S-3500 N SEM. Trabecular measurements of the distal femur were done from a 4 mm 2 area in the central metaphysis 1.0 mm proximal from the growth plate-epiphyseal junction. The trabecular bone volume per tissue volume (BV/TV), trabecular thickness (Tb.Th) was measured using adobe Photoshop, according to the standard nomenclature for bone histomorphometry (Parfitt et al., 1987) . The percentage area of resorbing surface on the trabecular bone was also estimated as reported previously (Chen et al., 2004) .
The bone mineral density (BMD) of the whole body was measured by Dual Energy X-ray Absorptiometry (DXA) using a type 2000 Toyo Medic QDR. The blood was taken from the heart under ether anesthesia. The serum calcium level was determined by the standard colorimetric method, as described previously (Chen et al., 2002) . The serum total cholesterol and triglyceride levels were determined by enzymatic assays (Richmond, 1973 ; Tamaoku et al., 1982). The serum PTH and estradiol levels were measured using immunoradiometric assay kit as reported before (Chen et al., 2005) .
All data are presented as mean G SEM. The statistical analysis was done using StatView J-4.5 (Abacus Concepts). Differences between groups were assessed by one-way analysis of variance (ANOVA). Fisher's PLSD test was used for post hot multiple comparisons. Significance was defined as p < 0.05.
Results
There was no significant difference in any measured parameter between the control and sham groups, indicating that the animals were unaffected by the operation as such. Rats in all 5 groups had similar initial body weights (Table 2) . At the end of the experiment, however, the animals of the OVX, milk and soymilk groups had a significantly higher body weight than control and sham groups ( Table  2 ). There were no significant differences among the OVX, milk and soymilk groups regard to the final body weight.
The serum calcium, total cholesterol, triglyceride, PTH and estradiol levels are shown in Table 2 . In the OVX group, the serum estradiol level was significantly low, the serum total cholesterol level was Table 2 ). In the soymilk group, the total cholesterol level was about 14% lower as compared with the OVX group ðp < 0:05Þ. The serum estradiol level was 48% higher ðp < 0:05Þ and the serum PTH level was about 26% lower as compared with the OVX group ðp ¼ 0:068Þ. We did not find any significant differences among control, sham, OVX, milk and soymilk groups with regard to the serum triglyceride level and the whole body BMD (Tables  2, 3 ). The SEM images of the trabecular bone in the distal metaphysis of the femur were similar in both control and sham groups. Most of the trabeculae were thick and continuous in the control and sham groups. The trabecular bone in the central part of the femoral distal methaphysis was reduced remarkably in the OVX group (Fig. 1) . The trabeculae were thinner, the connectivity of the trabeculae was poor and some trabeculae were discontinuous in the OVX group (Figs. 1, 2) . The trabecular bone volume in the distal metaphyseal region of the femur was less in the OVX group compared with the control and sham groups by approximately 85% ( Table 3 ). The trabecular thickness decreased by 13% in the OVX group. There was a considerable resorbing surface on the trabeculae of the femoral metaphysis in the OVX group (Fig. 2) . The percentage area occupied by the resorbing surface was about 80% higher in the OVX group as compared with the control or sham group (Table 3) .
As compared with the OVX group, the trabecular bone volume had the tendency to be high and the percentage area occupied by the resorbing surface had the tendency to be low in the milk group (Figs. 1, 2) . However, there was no significant difference between the OVX and milk groups with regard to the amount of trabecular bone volume and the percentage area of the resorbing surface (Table 3 ). In the soymilk group, the trabecular bone volume was significantly lower than that of the control and sham groups, but 68% higher than that of the OVX group (Table 3) . There was less amount of the resorbing surface on the trabecular bone of the femoral distal metaphysis in the soymilk group as compared with the OVX group (Fig.  2) . The percentage area occupied by the resorbing surface was less in the soymilk group compared to the OVX group by 18% (Table 3) .
Discussion
The ovariectomized rat has been proven historically effective for evaluating estrogen agonists and antagonists in female reproductive or nonreproductive axes, including bone parameters (Kalu et al., 1991) . Furthermore, the bone loss in the ovariectomized rat parallels the skeletal changes observed in the postmenopausal women and responsiveness to hormone replacement therapy. In the present study, we investigated the effects of milk and soymilk on the bone morphology of ovariectomized rat model with postmenopausal osteoporosis. It was reported that ovariectomy induced an increase in the plasma cholesterol level of rats (Kikuchi-Hayakawa et al., 1998). A reduction in cholesterol was observed with soy protein in experimental animals and human subjects (Carroll and Kurowska, 1995). The fermented soymilk had a favorable effect on the plasma cholesterol level without an increase in steroid excretion. The soymilk was also effective in preventing the cholesterol elevation induced in rats by ovarian hormone deficiency (Kikuchi-Hayakawa et al., 1998). The cholesterol metabolic changes were observed following soy protein feeding in a variety of animal models (Nagata et al., 1982; Carroll and Kurowska, 1995) . In the present study, no significant changes of the serum triglyceride level were observed in the ovariectomized, milk or soymilk groups. However, we found that the ovariectomy induced the increase in the serum total cholesterol level and that soymilk could inhibit the rise of the cholesterol level in rats. We consider that soymilk could prevent the increase of the serum cholesterol level induced by ovariectomy in rats.
In the present study, we found that the trabecular bone volume was markedly reduced in the ovariectomized rat. Animals fed with milk for 6 weeks after the ovariectomy seemed to have some favorable effects on the bone loss induced by ovariectomy in rats, but no significant changes were observed with the serum analysis and the bone histomorphometry. Milk is recommended as an excellent calcium source for bone health and is considered an important determinant of peak bone mass. Toba et al. (2000) studied the effects of milk basic protein on bone metabolism in ovariectomized rats fed with low-calcium diet (0.3%). They found that milk basic protein could prevent the bone loss induced by ovariectomy. In the present study, all animals were fed with the normal calcium diet (1.18%). So we think that the diet calcium level is enough for maintaining the normal bone metabolism (Chen et al., 2002) .
It is considered that milk intake early in life may decrease the risk of osteoporotic fractures later. Using the milk history questionnaire, many investigators have conducted the retrospective crosssectional studies and have determined a positive effect of milk intake in childhood and adolescence on BMD in adult. By contrast, a recent study indicated that an adequate vitamin D intake is associated with a lower risk of osteoporotic hip fractures in postmenopausal women (Feskanich et al., 2003) . While milk does not appear to substantially reduce the risk of hip fracture, perhaps because of other nutrients in the milk, such as vitamin A, that do not support bone health (Feskanich et al., 2003) .
Soymilk contained rich phytoestrogens, including isoflavones. There has been considerable interest in the use of phytoestrogens as substitutes for traditional estrogen replacement therapies in menopausal women. Some evidence suggests that these compounds may provide tissue-selective effects. Evidence from epidemiological studies of elderly women in Asian nations suggests that high consumption of isoflavones from soy products may be protective against fractures in comparison with Western populations. It was reported that soymilk is effective for increasing BMD and the mechanical bone strength by acceleration of the intestinal calcium absorption in ovariectomized rats (Omi et al., 1994) .
Isoflavones are thought to benefit the bone in estrogen-depleted menopausal women relates to the actions of isoflavones on estrogen receptors and other cellular pathways of bone cells. Studies using an ovariectomized animal model have clearly demonstrated significant positive skeletal effects of soy protein at doses comparable to the effects of physiological doses of estrogenic molecules in young estrogen-depleted rodents. The effects of isoflavones on the estrogen receptors of bone cells may also exert additional actions that generally enhance osteoblastic cell functions and reduce osteoclastmediated bone resorption. In the present study, we found that the soymilk could prevent the bone loss induced by ovariectomy in rats. Although we did not analyze the bone formation, the bone resorption of the trabeculae was significantly decreased after soymilk treatment. We consider that the soymilk preserved the bone structure by inhibiting the increased activity of the bone resorption. Furthermore, estrogen and PTH are important factors in regulating the bone metabolism. In the present study, we observed that soymilk could enhance the serum estrogen level and reduce the serum PTH level, which may play an important role in suppression of the elevated bone resorption.
In conclusion, the present study showed that the soymilk has some beneficial effects in preventing the bone loss in ovariectomized rats by inhibiting the augmented bone resorption. Soymilk could also have positive effects on the serum estrogen and PTH levels, which involve in the bone metabolism.
